Over a 12-year period, 16 human strains of a gram-negative, catalase-positive, halophilic, aerobic, nonmotile, small coccoid bacterium were received for identification. On the bases of biochemical characteristics and cellular fatty acid profiles, 14 of these strains were similar to the "Philomiragia" bacterium (Yersinia philomiragia, species incertae sedis). Additional characteristics were growth on Thayer-Martin agar but no growth or sparse, delayed growth on MacConkey agar; oxidase positive; acid production, often weak and delayed, from D-glucose, sucrose, and maltose; urease negative; no reduction of nitrates; and H2S produced but often delayed in triple sugar iron agar. Both the human isolates and the "Philomiragia" bacterium contained C10:0, C14:0e C16:0, C,8.1 w9c, C18:0, 3-OH C18:09 C22:0, and C24:1 as major cellular fatty acids and ubiquinone eight (Q8) as the major isoprenoid quinone. These cellular acids in these relative amounts have been found previously only in Francisella tularensis and Francisella novicida, suggesting a relationship between the "Philomiragia" bacterium and Francisella species. Of the 14 human "Philomiragia"-like isolates, 9 were from blood, 3 were from lung biopsies or pleural fluid, and one each was from peritoneal fluid and cerebrospinal fluid. DNA relatedness studies (hydroxyapatite method, 50 and 65°C) showed that these 14 strains were a single group that was the same species as the "Philomiragia" bacterium. Two other human strains were oxidase negative and H2S negative. They formed a single DNA relatedness group that was indistinguishable from the type strains of both F. tularensis and F. novicida. DNA relatedness of "Philomiragia" bacterium type and other strains to strains of F. novicida and F. tularensis, including the type strains, was 35 to 46%. One of the two F. novicida-and F. tularensis-like strains was isolated from blood, and the other was isolated from a cervical lymph node. On the basis of these findings, we propose transferring Y. philomiragia from the genus Our interest in these organisms was renewed when we received several "Philomiragia" bacterium-like cultures from humans. We decided to perform a study to determine the possible relationship of the "Philomiragia" bacterium and the 16 human clinical isolates that resembled the "Philomiragia" bacterium. The biochemical characteristics, cellular fatty acid compositions, and DNA relatedness of the "Philomiragia" bacterium-like human isolates, the "Philomiragia" bacterium, F. noi'icida, and F. tularensis were investigated. On the basis of these data we determined that 14 of the human strains were related at the species level to the "Philomiragia" bacterium, which was shown to belong in the genus Francisella. The two remaining human strains were shown to be F. noi'icida, which we confirmed to be the same genetic species as F. tldarensis. We therefore propose the name Francisella philomiiragia comb. nov. for the "Philomiragia" bacterium and propose that F. noi'icida be considered a biogroup of F. tularlensis. Morphology and biochemical tests. The cultures were identified by using the conventional cultural and biochemical tests and methods used in the Special Bacterial Reference Laboratory of the Centers for Disease Control (6) as listed in Table 2 . Incubation temperature was 35°C. The Kovacs modification of the oxidase test was done on bacterial growth from an 18-to 24-h blood agar plate (heart infusion agar [HIA] with 5% rabbit blood [HIAB]). The development of a light-to dark-blue color within 10 s indicated a positive reaction. HIA slants were used for growth temperature tests. Three methods were used to detect indole production at 48 h. 4 days, and 7 days: (i) tryptone broth tested with EhrlichBoehme reagent after xylene extraction (6); (ii) heart infusion broth tested with Ehrlich-Boehme reagent after xylene extraction (6) (14) .
During the past 12 years the Special Bacterial Reference Laboratory of the Centers for Disease Control received for identification 16 human isolates of gram-negative, catalasepositive, halophilic, aerobic, small coccoid bacteria. Recently it was recognized that these isolates were similar to the "Philomiragia" bacterium (Yersinia philomiragia), which had not previously been associated with human disease.
The name Y. philomiragia was proposed in 1969 by Jensen et al. (13) for a small gram-negative bacillus first isolated in 1959 from a dying muskrat found in a marshy area in Utah. The description of this organism was based on the study of this strain and four other strains isolated from water samples from the same area in 1960 . No additional isolates of Y. philomiragia have been reported. This new bacterium was placed in the genus Yersinia because of its DNA relatedness to Yersinia pestis (24%), reported in 1966 by Ritter and Gerloff (25) , and its morphologic resemblance to Y. pestis in animal tissues. In 1974, O'Hara et al. (20) (28) ; however, it is currently considered a species incertae sedis which is misclassified in the genus Yersinia (1).
Francisella tularensis, the etiologic agent of tularemia, was first described in 1912 (17) . It was originally in the genus Bacterium and was subsequently placed in the genus Pasteurella, although it was also placed in the genus Brucella on a provisional basis (22, 31) . The proposal to form the genus Francisella with F. tularensis as its single species was made in 1947 (8) ; however, Pasteurella tularensis appeared in the 7th edition of Bergey's Manual of Determinative Bacteriology in 1957 (3) , and Francisella was not generally accepted until the mid-to-late 1960s. Francisella novicida was isolated in 1951 from a water sample in Utah (15) . In 1955, it was classified in the genus Pasteurella (15) , and it was transferred to the genus Francisella in 1959 (21) . Only one strain has been reported.
F. novicida and F. tularensis share many antigenic, bio-chemical, and genetic similarities, and these species show a strong serologic cross-reaction (23) . High-frequency transformation occurs between species (29) , and DNA relatedness between the species is 78 to 97% (25) . F. noi'ciida, but not F. tularensis, was reported to produce acid from sucrose (10) . F. tularensis is somewhat more fastidious and in general is more virulent than F. novicida (10) , but it must be noted that the data on F. noi'icida are from only one strain. Our interest in these organisms was renewed when we received several "Philomiragia" bacterium-like cultures from humans. We decided to perform a study to determine the possible relationship of the "Philomiragia" bacterium and the 16 human clinical isolates that resembled the "Philomiragia" bacterium. The biochemical characteristics, cellular fatty acid compositions, and DNA relatedness of the "Philomiragia" bacterium-like human isolates, the "Philomiragia" bacterium, F. noi'icida, and F. tularensis were investigated. On the basis of these data we determined that 14 of the human strains were related at the species level to the "Philomiragia" bacterium, which was shown to belong in the genus Francisella. The two remaining human strains were shown to be F. noi'icida, which we confirmed to be the same genetic species as F. tldarensis. We therefore propose the name Francisella philomiiragia comb. nov. for the "Philomiragia" bacterium and propose that F. noi'icida be considered a biogroup of F. tularlensis. (14) .
Determination of isoprenoid quinones. Cells from five HIAB plates were hydrolyzed by adding 0.2 ml of 50% aqueous KOH and 3 ml of 1% pyrogallol in methanol and heating them at 100°C for 10 min. After being cooled to room temperature, the quinones were extracted and examined by reverse-phase high-performance liquid chromatography as described previously (7, 18) . Tentative identification was established by comparing retention times with authentic standards supplied by Hoffmann-La Roche Co. (Basel, Switzerland). Identification was confirmed by collecting fractions from reverse-phase high-performance liquid chromatography followed by analysis with both electron impact and chemical ionization mass spectrometry (7, 18) .
Antimicrobial agent susceptibility tests. Antimicrobial agent susceptibility was determined by using the broth microdilution method recommended by the National Committee for Clinical Laboratory Standards (19), except the incubation was in a candle extinction jar. P-Lactamase was assayed as described by Schoenknecht et al. (26) . DNA studies. Guanine-plus-cytosine (G+C) content was determined spectrophotometrically by thermal denaturation (16) . The preparation and purification of DNA and the conditions used to determine DNA relatedness by the hydroxyapatite method have been described previously (4 AIl strains grew at 35 and 25°C on HIA. Three "Philomiragia`' bacterium-like strains grew best at 25°C; only two strains grew at 42°C. Both F. nov'icida-like strains grew best at 35°C, and only one grew at 42°C. No strains grew on HIAB plates incubated anaerobically for 3 days. All strains grew on Thayer-Martin selective medium, buffered charcoalyeast extract agar, and buffered charcoal-yeast extract agar without cysteine at 35°C in a candle jar or ambient atmosphere. Table 2 shows the results of the biochemical tests of the 14 human "Philomiragia" bacterium-like isolates along with those of two reference strains of Y. philomiragia, two human F. noiicida-like strains, and the type strain of F. noi'cida. The Kovacs oxidase reaction was positive for all the "'Philomiragia" bacterium-like strains and negative for the F. nosicida-like strains. The Kovacs modification is a more sensitive procedure for detecting oxidase (6) . Weak or delayed H.S production in the butt or on the slant of triple VOL. 27, 1989 on October 19, 2017 by guest http://jcm.asm.org/ Downloaded from C26:1 (Table 3) .
No distinguishing differences in fatty acid composition were observed among "Philomiragia" bacterium-like, F. tularensis, and F. novicida-like strains. In general, F. tularensis contained larger amounts of decanoic acid (C10:0) than the other organisms, but this feature is not useful for differentiation because of the overlap in relative amounts of this acid among strains ( Table 3 (Table  3) . We also observed smaller amounts of 3-OH C18:0 than was reported by Jantzen et al. (12) . However, even with these observed quantitative differences, which may be due to slight differences in methods or growth media, the genus Francisella was readily identified by its unique fatty acid profile.
Determination of isoprenoid quinones. All "Philomiragia" bacterium-like, F. novicida-like, and F. tularensis strains contained a ubiquinone (Q) with eight isoprene units (Q8) as their major isoprenologs. Small amounts of Q7 and Q9 were also detected, but no menaquinones were present. The identity of Q8 in these species was firmly established by mass spectrometry, which showed a base peak at mle 235 and a large peak at mle 726 corresponding to the molecular ion. The molecular ion was verified by chemical Divergence in related sequences was 1.5 to 2.01%î (average, 1.7%). Relatedness in 65°C reactions was 77 to 83%î, (average, 79%). Relatedness of Y. philominragia ATCC 25015T to 13 "Philomiragia" bacterium-like strains was 69 to 88% (average, 80%) in 50°C reactions, with 1.0 to 3.5% divergence (average, 1.7%) and 72 to 80% (average, 77%) relatedness in 65°C reactions. Y. phfilomiragia showed 39% average relatedness to the type strain and four other F. tularensis strains, the type strain of F. novicida, and the two F. noi'cida-like strains (Table 4) . In reciprocal reactions, labeled DNA from F. tularensis ATCC 6223T was 41%c related to four Y. philomiiragia strains at 50°C, with 14.5% divergence in related sequences and 18% relatedness at 65°C (Table 5) .
Relatedness of F. tularensis ATCC 6223T to four other F. tularensis strains was 82% at 50°C (with 0.3% divergence) and 89% at 65°C. Similar high relatedness (93% at 50°C [with 2.0%, divergence] and 88% at 65°C) was observed when F. tul(lrensis ATCC 6223' was hybridized with the type strain of F. noi'icida and the two F. nov'icida-like strains (Table 5) .
These findings clearly indicate that the 14 "Philomiragia" bacterium-like human isolates belong to the species Y. philomiragia and that Y. philoiniragia is substantially related to Francisella species. Calculated to the nearest 0.5%,c.
" Type strain.
The 14 "Philomiragia" bacterium-like human strains were isolated from blood (9 strains), lung biopsy or pleural fluid (3 strains), cerebrospinal fluid (1 strain), and peritoneal fluid (1 strain). Of these 14 patients with Y. philoiniragia isolated from sterile sites, 5 had chronic granulomatous disease and 5 others had a recent history of near drowning. Two of the four remaining patients had myeloproliferative disorders, and two had no obvious underlying diseases. From the clinical information available for 12 patients, pneumonia was the most common infection noted (5 patients). Fever without a distinct focus of infection (five patients), meningitis, and peritonitis were also reported.
The two human F. noi'icida-like strains were isolated from a cervical lymph node in a 26-year-old man diagnosed as having tularemia and from the blood of a 52-year-old man diagnosed as having hepatitis.
Case summaries of patients with the two human isolates of F. novicida-like bacterium. Case 1. A 26-year-old man from Louisiana presented with a 3-week history of a tender, enlarging lump on the left side of his neck. He denied other symptoms and had no underlying diseases. He worked setting up oil rigs and had worked on a farm loading hay several months before hospital admission. He specifically denied any contact with rabbits. Physical examination revealed a 2-by-2-by-1-cm node on the left side of the neck. Complete blood count, serum electrolytes, liver, and renal function tests were within normal limits. Biopsy of the lymph node showed necrotizing granulomas, and a F. novicida-like bacterium was grown from the tissue. The patient was discharged after excision of the node and given a 2-week course of tetracycline. (25) and the transformation studies of Tyeryar and Lawton (29) , left no doubt that F. novicida and F. tularensis are subjective synonyms (different type strains) for the same genetically defined species. F. tularensis was differentiated from the single F. novicida strain on the basis of its lack of acid production from sucrose, its generally more fastidious growth requirements, and its pathogenicity for humans (10) . Strains of the two recognized biogroups (biovars) of F. tularensis (biogroups tularensis and palaeartica) differ in biochemistry, pathogenicity, and host range (10, 21) . We now know that F. novicida is pathogenic for humans.
The clinical and epidemiological features of case 1 resemble classic glandular tularemia (2) or ulceroglandular tularemia without ulcer (11) , which may appear as an isolated enlarged lymph node without other obvious symptoms (11) . The patient was an otherwise healthy individual with a history of outdoor work, similar to many patients with ulceroglandular tularemia. The second case was more characteristic of typhoidal tularemia. The patient was an alcoholic with poor nutritional status on admission, as were three of four patients with F. tularensis bacteremia recently described by Provenza et al. (24) .-Thus, both cases in which F. novicida has been isolated from normally sterile sites in humans are consistent with the previously described epidemiological and clinical picture of disease caused by F. tularensis.
In view of genetic similarity and apparently similar pathogenicity, there is no justification for maintaining F. tularensis and F. novicida as separate species. Since F. tularensis was the first to be described (17) , it has priority over F. novicida (15) . We propose that F. novicida be included in F. tularensis as a third biogroup, F. tiilarensis biogroup novicida. Biochemical characteristics of the three strains of F. tularensis biogroup novicida are given in Tables 2 and 6 . Cysteine agar (carbohydrate base) (6) used for F. tularensis biogroup tularensis and F. tularensis biogroup palaeartica. ' The possession of a citrulline ureidase system also distinguishes F. tularensis biovar tularensis from the less virulent F. tudarensis biovar palaeartica (10 plural of Latinized English word mirage; philomiragia loving mirages, because of the mirages that are seen in the area where the isolations of the first strains of this species were made) (1).
The species conforms in part to the description of the genus Francisella (10) . It must be noted that F. philomiiragia is oxidase negative (or sometimes weakly positive) by the cytochrome oxidase test (13, 30) but is oxidase positive by the Kovacs modification (Tables 2 and 6 ). F. philomiragia grows well on HIA, HIAB, buffered charcoal-yeast extract agar with and without cysteine, and other ordinary laboratory media. F. philomiragia is less fastidious than F. tl/arensis. Colonies are semitranslucent, smooth, glossy, punctate to 0.5 mm in diameter, with entire edges after 24 h. Cells do not appear quite as small as those of F. tularensis. HS is produced in triple sugar iron agar. Gelatin is usually hydrolyzed. Sucrose is utilized with production of acid but not gas (usually weakly). Further biochemical reactions are shown in Table 2 , and tests used in presumptively identifying F. philomiragia and differentiating it from other Francisella species are shown in Table 6 . The cellular fatty acid profile is characteristic of the genus Francisella (Table 3) .
F. philomiragia has been isolated from water, muskrats, and humans. F. philomiragia appears to be a rarely occuring but serious human pathogen. The predilection of F. philomiragia for causing disease in two specific risk groups (chronic granulomatous disease patients and near-drowning victims) highlights major differences in the epidemiology of infection with this organism and with F. t/larensis. G+C content is 33 to 34 mol%.
The type strain is ATCC 25015. Its G+C content is 34 mol%.
